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FOREWORD

This report on A Regional Groundwater System in the White River
Area in southeastern Nevada is a by-product of a cooperative program
by the Nevada Department of Conservation and Natural Resources and
the United States Geological Survey. Under this program, studies of the
groundwater resources of the larger part of the area covered in this
paper have been made and reports on these studies have been published
by either the Office of the Nevada State Engineer or by this department.

The more recent of these studies have been made by the United States

‘Geological Survey under a cooperative program with this department

for reconnaissance surveys of the groundwater resources of the valleys
of Nevada. Reports on these studies have been issued by this department
in a series devoted to this subject.

All of the data on which this paper is based were derived from exist-
ing records and no field studies for its development have been made.
All reports which bear on the subject of this study are listed in this pub-
lication and those reports that contain significant data are fully reviewed.

This well documented study is a significant contribution to the knowl-
edge of the movement of groundwater in southeastern Nevada.

.. ) R A

ErLmo J. DERICCO, Director
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INTRODUCTION

sance a,ppralsals of the groundwater
rious valleys in Nevada have been
veral years. One of the assumptions

3 syéﬁems ‘were more or less co-exten-
the topographically closed basins in
-and Kange provmce As studles for

: southern Nevada extended beyond
3 llmlts of the partlcular valley Some valleys

water levels that preclude an an-
groundwater discharge by evapotranspira-
coﬁlpérable with probable local recharge.
eése observations are correct, a multivalley
ngl “groundwater system is required to
B Sfy hé general hydrologic equation that in-
eq,_ als cutflow.

%hls report describes the general features of
¢

Publication authorized by the Director, U. S.
ological Survey.

WATER RESOURCES RESEARCH

SECOND QUARTER 1966

A Regional Interbasin Groundwater System in the White River
Area, Southeastern Nevada'

THOMAS E. EAKIN
Water Resources Division, U. 8. Geological Survey, Carson City, Nevada

Abstract. A regional interbasin groundwater system including thirteen valleys in south-
eastern. Névada is generally identified on the basis of preliminary appraisals of the distribu-
tion and quantities of the estimated groundwater recharge and discharge within the region,
iformity of discharge of the principal springs, the compatibility of the potential hydraulic
, with reglonal groundwatel movement, the relative hydrologic properties of the
k groups in the regmn, and, to a hr.mted extent, the chemical character of water
from the principal springs. The principal findings are: (1) Paleozoic carbonate rocks
pnnclpal means of tlansuuttmg groundwater in the interbasin regional system—the
{ranismissibility provisionally is estimated to be about 200,000 gal/day/ft; (2) esti-
recharge and discharge show wide discrepancies in individual valleys, but hydrologic
with recharge and discharge estimates of about 100,000 acre-ft/yr obtains within the
valley regxon and (8) the discharge of the Muddy River Sprmgs, the lowest of the
rmclpal spring groups, is shown to be highly uniform; which is consistent with their
siupplied from a large regional groundwater system. The relation between this regional
‘systeri and others in eastern and southern Nevada is now under study by the Geological
"(Key words: Hydrologic systems; hydrology (limestone); springs; groundwater)

a regional groundwater system in a part of the
Basin and Range province in southeastern
Nevada. Although the scope of the report is
limited by the reconnaissance nature of the in-
vestigations on which it is based, virtually all
components of the hydrologic system are eval-
uated.

Location and extent of the region. The re-
gion discussed includes the area within the drain-
age divides of six valleys drained by the White
River in Pleistocene time and seven adjacent
but topographically separated valleys. It is in
southeastern Nevada and lies within lat 36°40
and 41°10°N and long. 114°30” and 115°45'W.
It includes parts of Clark, Elko, Lincoln, Nye,
and White Pine counties (Figure 1). From its
north end in southern Elko County, the region
extends southward to include the upper Moapa
Valley, a distance of about 240 miles. Its maxi~
mum width is about 70 miles near lat 38°N.
‘The region includes an area of about 7700 square
miles.

Topographic setting. Figure 2 shows the
locations of the principal valleys and ranges in
the region. Of the thirteen valleys, Long, Jakes,
Cave, Dry Lake, and Delamar valleys are
topographically closed. Garden Valley surfici-
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may drain into Coal Valley but together
& form a topographically closed unit. The
ammg six valleys were drained by the
Jstoene White River, then a tributary to the
do. River system. The six valleys are
telever Pahroe, Pahranagat, Kane Spring,

gion of mountains and valleys generally
_thward gradient (Figure 2). Along the
iver Wash the altitude decreases from
00 feet in the latitude of Lund to about

ile. The White River Wash forms an
taphic low between Garden and Coal
the west and Cave, Dry Lake, and
alleys on the east.

part of the area the crests of the
eed 8000 feet above sea level only
commonly are less than 7000 feet

THE REGIONAT. GROUNDWATER SYSTEM

e. regional groundwater system includes
e focks and the groundwater of the de-
e, It includes the areas of recharge and
; storage and transmission of water,
ologi¢ units that control the occurrence
ent of water. Semiperched ground-
e mountains and in the valley fill of

bt is not emphasized herein.
¢ identification of this regional ground-
- System is based upon (1) the relative hy-

area, of consideration; (2) the regional move-
41t of groundwater as inferred from potential
auJ;fq gradients; (3) the relative distribution

e; ‘(4) the relative uniformity and long-
ﬂuctuation of the discharge of the principal
gs; and (5) the chemical quality of the
discharged from the principal springs.
f the available data pertinent to -the
sis' is included in Tables 1, 4, 5, and 6 and

T4/%% §5
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on Figures 4 and 6. These elements are discussed
in the following sections.

Geologic setting. The rocks provide the
framework in which groundwater oceurs and
moves. Groundwater may oceur in interstitial
openings, in fractures, or in solution openings in
the rocks. The openings may have been formed
at the time the rocks were deposited or at a
subsequent time by fracturing, weathering, or

solution. The distribution and nature of these

openings may relate generally to other physi-
cal and chemical characteristics of formations
or groups of rocks. Thus, the general nature and
distribution of the rocks in the region permit
some inferences regarding the occurrence and
movement of groundwater.

A number of geologic studies in parts of the
area of this report have been made. For present
purposes, the reconnaissance geologic map of
Lincoln County [Tschanz and Pampeyan, 1961],
the reconnaissance geologic map of Clark County
[Bowyer et al. 1958], the general geologic map
accompanying the guidebook to the geology of
east-central Nevada [Boettcher and Sloan,
1960] for White Pine and parts of northeastern
Nye counties, and unpublished information
from F. J. Xleinhampl for segments of the
region in northeastern Nye County have been
most useful with reference to the areal geology
of the region. For the White Pine County part
of the region many of the papers in the guide-
book to the geology of east-central Nevada
[Boettcher and Sloan, 1960] are of much value.

Although not known to crop out within the
area of this report, Precambrian rocks are ex-
posed in the northern Egan Range east of Long
Valley, in the Schell Creek Range [Young,
19607, along the east side of Cave Valley and
northward, and in the Mormon Mountains
[Tschanz and Pampeyan, 1961] east of Coyote
Spring Valley and may be inferred to underlie
all the region of this report.

A thick section of Paleozoic rocks was de-
posited throughout and beyond the area. Lo-
cally, the stratigraphic thickness of the Paleozoic
rocks exceeds 30,000 feet [Kellog, 1963, p. 685].
Clastic rocks oeeur prineipally in the upper
and lower parts of the section. Carbonate
rocks, which comprise more than half of the
section, are generally found in the eentral part
of the Paleozoic section.

Lower Triassic marine deposits are noted by
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EXPLANATION

L]
Valley fill -
. .- Principally clay, silt, sand, and gravel; locally may Iinclude fresh-
" watér limestohe or e rite; consolidatéd to tinconsolidated.

Deposited- undei: subagrial, stream or-lacustrine environments.

Lower Tertiary : ition; upper - ’
Fertiary and s odératély deférmed,
i osited in'stream channels and
alluvial fans transmi ter freely;fine-grained deposits, where

saturated, transmit water slowly but contain a latge volame of
water i storage . B o S5 .

geally. Sand and gravel d

TERTIARY AND QUATERNARY

. ‘Voleanic rocks.

Principally volcanic tuff arid welded tuff or ignimbrite, but
Include othér volcanic fock types and focally sedimentary
deposits . Getierally rhits water slowly, but locally highly

- fragtured vield water readily. In mountains
differential tr ity, bedding planes, or fracture
‘systems result rehed: ground water which supplies
| E | spr here saturated transmits water slowly

‘but contain a'lafge.volume of water in storage ’

TERTIARY

Paleozoic rocks
- undivided -

Principally |imestone and dolomite. Secondary fracture or
solution openings resuit in transmission of substantial |
quantities of water,"at least locally,In gross where saturated,
stor€ a large volume of watér. Principal regional aquifer.

PALEOQZOIC

Include some shale, sandstone, and guartzite which.generaily
act as a barrier to grourid-water movement. Locally,however,
fractured or weathered zones transmit some water

e

Sl

Fig. 8. Generalized geology of the region. Adapted from Bowyer et al, (19591 for Clar
County; Tschanz and Pampeyan [19611 for Lincoln County; F. K_leluha,mpl (private com
munication, 1963) for parts of Nye County; and Boettcher and Sloan (19601 for remaining
area,
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EXPLANATION

R

" _Area of evapotranspiration of ground water r'/ /

4600 /
1 B -
! .. Playa and approximate altitude, in feet, above sea leve! \ 0505 !
i 2% »
’ . TN o5 15 28
L-und Spring (8595) \ ‘ ——
1 - Data point, name, and approximate ) Scale in Miles
I 25 .- altitude of water level above sea level
==
iles 30 Klmberly
3 nd serial number, Points described below include 1 L"tgzysp’t
| ii fumber followed by depth to water and by altitude J )
i el For oil tests, only total depth (T.D.) of well given AlphalShaft (6108)
Preston:Springs (5680)

“Well 21N/59-18d2; 88; 6000
Well 21N/58-33b1; 68; 6000
Well 20N/58-14a1; 117; 6000
0il test, Summit Sprmgs Unit no. 1; T.D. 11453
lipah Creek
Qil test, Hayden Creek Unit no. 1; T.D. 5117
Well 14N/61-10c1; 280; 5780
llison Creek
hite River
il test, County Line Unit no. 1; T.D. 4850
-Emigrant Springs; 5415

Lun;:l Sprlng (5595)

uﬁerfleld and Flag Springs; 5275
/&)l 5NJ60-25a1; 25; 5100
el

ell 5Nf64-14a1; 214 (dry); <5385
Well 3NI64-20b1 317; 4820

Well 1N/64-24a1; 398; 4300
ell 4NJ61-36¢1; 90; 4470
‘ell 3N/62-8¢c1; 217; 4835
ell 3N[62-35b1; 252; 4770
Well 2N/63-31b1; 800 (dry); <4125
ell 25/61-23d1; 302 (dry); <3900
ell 2N/59-22b1; 250 (dry); <4775
&1l 4N/59-6d1; 9; 5340
Well 3N/58- 15b1 235 5040
Well 3N/57-16c1 ; 33; 6150
Well 1§/57-3a1; 570; 5020
ell 65/63-12a1; 900 (dry); <3700
ell 4S/61-15b1; 670; 3700
Well 55/60-6c1; 380; 4025
Well 35[50-24d1 187; 3815
Well 45/60-2a1; 105; 3870
iko Spring, altitude 3890
Crystal Springs, altitude 3805
Ash Springs, altitude 3610
Upper Pahranagat Lake
: Maynard Lake
- :?.—Well 10S/62-14a1; 416; 2175 ‘\ k

" 41.~Coyote Spring, altitude 2575

42, <Well 135/63- S5t 330; 1875 Muddy River Springs / g&\-

- (1800 to 1780)

Fig. 4. Location points of selected data in the area of this report.

et

gty

¢s :[1960, Figure 2] near Currie, Nevada, nonmarine Newark Canyon Formation of Farly
ah Wah, Utah, about 70 miles north ~ Cretaceous age, which occurs in the vicinity of
les southeast of Ely, respectively. Kureka, Nevada, 70 miles west of Ely. To the
I. [1956, pp. 68-70] described the southeast in northwest Arizona and adjacent

)

yed;
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areas, substantial sections of Mesozoic rocks oc-
cur. Stokes [1960, p. 121] indicates that south-
eastern Nevada was generally above sea level

. for most of Mesozoic time. At least in lafe

Mesozoic time, parts of the area were being
eroded and had exterior drainage.

Norimiarine sedimentary rocks of Eocene age
in and adjacent to the White River Valley have
been desciibed by Winfrey [1960], who named
thigi the Sheep Pagss Foimation. Their aggregate
thickness is 3220 feet. As tentatively outlined
[Winfrey, 1960, Figure 3], the basin in which

- they were deposited extended from about TSN

to TI1IN in the southern White River Valley
and from Cave Valley on the east to beyond the
White. Pme Mountains on the west. Contem-
poranéous deposxts have not been deseribed

-elsewhere .in' the region, although the Horse

Spring Formation of Eocene (?) age in the
Muddy Mountains, south of Coyote Spring
Valley, may be equivalent in age [Winfrey,
1960, p. 133].

During middle Tertiary time an extensive and
thick section of voleanic rocks was laid down in
eastern Nevada Cook [1960, Flgure 1] indicates

| that an extensive ignimbrite province included

much of. the area of this report. To some extent
nohmarine §ediments, such as the lacustrine
limestone and cobble conglomerate in the Pahroc
Range reported by Tschanz [1960, p. 204], are
interbedded locally with the voleanic rocks. The
thickness of the voleanic rocks varies sub-
stantially from place to place, but Dolgoff [1963,
p. 878] estimates a thickness of over 3000 feet
for the volcanic séquence in the Pahranagat
area.

Continental deposits overlie the Tertiary vol-
camic Tocks in the present valleys. Commonly
these are fine grained lacustrine or playa de-
posits that grade laterally to coarser fractions
toward the source areas in the mountains. The
Muddy Creek Formation of Pliocene (?) age
[Longwell, 1928, pp. 90-96] is partly exhumed
in Moapa Valley "Longwell [1928, p. 94] sug-
gested that a thickness of 1700 feet for the
Muddy Creek Formation was not excessive in
the central part of the basin. Somewhat similar
fine grained deposits are exposed along parts of
the White River Channel. Their maximum
thickness is not known. In White River Valley
the County Line oil test {point 10, Figure 4)
penetrated 1475 feet of ‘valley fill’ as reported

-

by McJannett and Clark [1960a, p. 245},
infer that part of this valley fill ig-of Ph
(?) age. Obviously, as the depos1ts Wer
down ‘in basins or valleys, the thickmness 1
be variable, ranging from a feathér edge
margins to a substantial thickness in the &
parts of the valleys.

Quaternary deposits include gravel san
and clay laid down in stream-¢
fan, and playa environments, Whlt Ri
it was a through-flowiiig stream 1;_
cene time, probably removedm re -
it dep051ted in the lower parts of the vall
which it flowed. The depth ari extent of ¢
tion are greatest in the southern' oi‘ 'downq
valleys. ;

Most of the mmmg chstncts have are
exposed intrusivé rocks, and Baer et al.
p. 223] dlscuss some of the intrusive Toy,
the Robinson Mining. District . west off

-Adair and Strmgham [1960 Flgure 1] shc

location of five intrusive ign

8 bodles o
groups adJacent to the Wh 3 6

The rocks have been faulte
displaced in a complex way ‘and.
grees within the.région .during- several pf’
of structural actwlty : e
Occurrence of  groundusate
poses of this report the several s
units discussed bneﬂy in, the pre
ean be grouped broadly on the basis of
gross hydraulic propertles :
Three groups are shown on Flgur

explanation, Not shown are Precambn"‘
intrusive rtocks that have neghglble j
permeability. These rocks- probably provi
lower limit to groundwater cireulation
otherwise limited, at depth. Where these "
are exposed and are contmuous with - d(
they also should: form a barrler to the If
movement of groundwater:

Fracture and solution openings in the -
ozoic carbonate rocks locally store and tran
substantial quantities of groundwatel The
thickness of Paleozoic carbonate rocks i—
region tends to favor a regional hydrauhc
tinuity, even though the Paleozoic Tocks.
been subjected to several periods of subst
faulting. :

.'_h




rence of groundwater in carbonate
nstrated by the widespread distri-
inany large springs associated with
catbonate rocks throughout eastern
T example, most of the flow of
gs in Pahranagat Valley (Figure
in ‘the bottom of pools and adjacent
1" valley fill. However, part of the
ystal Springs issues directly from
ocks, which are exposed and also
adjacent valley fill. The other
prifigs, such as Ash and Hiko springs
at Valley, the large springs in upper
ey, ‘and Hot Creek, Mormon, and
s in Whité River Valley, issue from
n'ear contacts with carbonate rocks

ter occurs in carbonate rocks at
- the Deep Ruth, Kelinske, and
shafts in the Robmson Mining Dis-
efi and M, Dale, oral communica-
These shafts are about 1 mile east
pit, shown on Figure 4. Ground-
becurs in carbonate rocks i the
in the Bristol Range (Paul Gem-
munication, 1964). Fresh water
[McJannett and Clark, 1960D, p.
rmous zones’ of the Joana Limestone
sisgippian) at depths of 4058 to
below land surface in the Hayden
test (data point 6, Figure 4). This
‘roughly 3000 feet lower than the
akes Valley, which is about 5 miles
f the test well.

stic rocks included in the Paleozoic
gure 3 tend to act as barriers to
movement compared with car-
ocks. However, fractured clastic rocks
“and transmit some groundwater at
¥, as in the Pioche district.

er Tertiary sedimentary rocks, such
D Pass Formation of Winfrey [1960],
Hy consolidated and are believed to
primary permeability. Locally they
ed; which may provide secondary frac-
h which some water may be trans-
. Springs, such as in T1IN, R62E in
n Range twhere that formation is ex-
_hgere such rocks underlie the valley
_are saturated, they may contain a con-
“volume of groundwater in storage,
ugh ‘the average permeahility is small.

Interbasin Groundwater System

‘Garden Valley, and in the Delamar Range alonig
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The Tertiary voleanic rocks generally have
low permeability. These rocks ordinarily are
rather fine grained, and the extent to which they
may transmit groundwater is possibly controlled
by the degree to which closely spaced fractures
oceur in them. Where these rocks are welded or
more or less glagsy, fractures may be somewhat
open and locally transmit groundwater freely.
A well north of Lathrop Wells in southern Ne-
vada is known to be capable of producing
several hundred gallons of water per minute
from the welded tuff (Winograd, private com-
munication, 1963). Commonly, however, semi-
perched groundwater in fracture systems in the
Tertiary volcanic rocks supplies the water for
numerous small springs in the mountains, such
as those in the southern Butte' Mountains, in
the Quinn Canyon Range along the west side of

the northwest side of Kane Spring Valley. -
Where these rocks are beneath the valleys and
are saturated, substantial quantities of ground-
water may be stored in them. The extent to
which they may transmit groundwater is rather
a -function of the cross-sectional area through
which the water may move and the hydraulic
gradient than of the unit permeability, which
generally is very low.

The partly consolidated or cemented fine- |
grained valley fill of Pliocene(?) and Pleistocerie
age generally yields water slowly. However,
Coyote Spring in Coyote Spring Valley yields
2 modest supply of water, at one time nearly
half a cubic foot per second, from 4 combined
development of a tunnel and several wells in
fine-grained valley-fill deposits. Brownie Spring
in Pahranagat Valley vields about 1 cubic foot
per second from a tunnel in consolidated con-
glomerate. Where saturated, the fine-grain val-
ley fill is capable of storing large quantities of
water, The unconsolidated sand and gravel de-
posits of the younger valley fill and in allyvial
fans are capable of transmitting water freely.
The sand and gravel deposits of the younger
valley fill commonly have the highest unit
permeability of any unconsolidated deposits in
the region. The large-eapacity irrigation wells
in the White River, Pahranagat, and upper
Moapa valleys are developed in these deposits.

Groundwater movement. The hydraulic
gradients between springs and selected wells,
and, more generally, the regional topographic

R e ——




258

Muddy Rivar Da_la point numbers, as ori figure 4 .
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gradient, indicate the general direction of poten-
tial lateral groundwater movement in the re-
: glona,l system. Actual movement is dependent
| . upon the hydraulic conductivity of the rocks.
The principal springs, which are the ina]or
points of discharge from the regional system, are
in or adjacent to the White River Wash, and
¢ ‘the altitudes of their orifices decrease south-
i ward. Thus, in White River Valley, Preston Big
Spring issues at an altitude of 5680 feet above
séa level and Hot Creek Springs, about 40
miles south, issues at-an altitude of 5175 feet

above.sea, level (Rigure 4). In Pahranagat Val-

ley from north to south, Hiko, Crystal, and Ash
springs issue at altitudes of about 3890, 3805,
i and 3610 feet, respectively. In upper Moapa
i Valley, the closely grouped Muddy River Springs
i issue between altitudes of 1800 .and 1780 ft.

" Compared with the low parts of adjacent
topographically closed valleys of the regional
groundwater system, the White River Wash is
generally considerably lower at equivalent lati-
tudes (Figure 4). The playa of Cave Valley is
about 5975 feet above sea level. Due west in
‘Whiite River Valley the Wash altitude is less than
5200 feet. In Coal Valley the playa is at an
altitude of about 4950 feet, whereas due east the
White River Wash altitude is about 4800 feet.
In Dry Lake Valley the playa altitude is slightly
~ less than 4600 feet. At the latitude of the central
part of that playa, the White River Wash is
about 440 feet. The Delamar Valley playa is

about 4400 feet above sea level, and upper -

Pahranagat Lake due west is about 1000 feet
lower.

In all the above valleys plus Garden Valley,
which surficially drains to Coal Valley, water
levels are several hundred feet or more below
the respective. playas. Representative known,
reported, or inferred low water-level altitudes
for Cave, Dry Lake, Delamar, Garden, and
Coal valleys, respectively, are 5800, 4300, 3700
(?), 5020, and less than 4775 feet (points 15,

‘the carbonate rocks under_lyl_ng the several

19, 30, 29, and 25 on Figure 4). The altitudg
these water levels are hlgher than known oy
ferred altitudes of water levels' along: "
River Wash at or south of the. eqliiValeﬁt
tudes Most of these water levels are consi
to represent semlpelched grouridwater in
fill. As such, it is inferred that water level

would be at somewhat lower altitides. Evej
the potential gradient dnd movemert fro
adjacent valleys apparently is toward
trough occupled by the White River- Was_

For Jakes and Long valleys, lymg 1
‘White River Valley, the valley floors”
altitudes of 6295 and 6050 feet, respectively
are higher than White River Valley. The'1
known water-level altitude beneath the pla;
Long Valley is about 6000 feet, and in
Valley :the water level is unknown bt is
mated to be as much as 400 feet below the
surface. A potential though low sotith
gradient through the carbonate rocks 1o
White River Valley apparently ex1sts, a
altitude of the water-level in a well (pomt 7,3
ure 5) in northern White River: Valley is al]
5780 feet and at Preston Springs, about 12
farther south, is about 5680 feet.

Outerops of Paleozoic carbonate Tocks
adjacent to most of the springs-are at alti
lower than other Paleozoic carboiiate roc
or north of the latitude of the respective
crops within this region, For example, in
River Valley the carbonate-rock outerop:
jacent to Lund Spring (Figures 3 and 4)°
a lower altitude than other carbonate-rock | =
crops at or morth of that latitude in
River, Jakes, or Long valleys. The car
rock outerops from which Hot Creek Springd
sue are also at lower altitudes than any ‘other
or north of that latitude in White River
Long, and Cave valleys.

Similarly, the Paleozoic cathonate 14
from which Crystal Springs issues in Pahrang
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v are at a lower altitude than other out-
ips: of _carbonate rocks north of that latitude.
e felation applies to the Paleozoic car-
rocks exposed adjacent to the Muddy
Springs. This repetitive association of

prings with areas of topographically low
o f Paleozoie carbonate rocks demon-
close association and supports the
:of the regional movement of ground-

ke altitud _

klllownsv g@énal potential groundwater surface
a.ong everywhere defined by a smooth surface.
uivalent

trary, limited data suggest that the
irfaces have local hydraulic discontinui-
ulting from barrier effects or from other

g in Figure 5 shows the land-surface
evel altitudes along the approximate
1 axis of the region. It follows the
lignment of the White River wash

e of the profile shows land surface
cal and horizontal scales the same,
he small proportion of relief in the
whole. The lower profile shows the
and water levels at a vertical ex-
times the horizontal scale for the
more readily showing the local diver-
ter level from land surface. As can
Tom the lower profile, the water-level
pear and parallel to the land-surface
;-in the White River, Pahranagat, and
Moapa valleys, the areas of principal
charge. Elsewhere, the gradient locally
geper than the land surface, as is in-
the north end of Pahroc and Coyote
alleys, and in other sections the
 less than that of the land surface, as

Spring valleys.

ferops ; north e'nd oi_' Pahroe Valley and the

14 - i h end of White River Valley the depth to
T-in the valley fill along White River Wash

ells. (points 20, 21, 22, and 23, Figure 4)

Greases progressively from about 90, to 217, to

o more than 800 feet below land sur-

adient between the upstream pair of
peints 20 and 21) is ahout 56 feet per

T8 55

rom the latitude of Preston Springs.

al and southern parts of Pahroc and
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mile, between the middle pair of wells (points
21 and 22) is nearly 22 feet per mile, and be-
tween the downstream pair of wells (points 22
and 23) 1s over 100 feet per mile. Several miles
northwest of the upstream well (point 20) the
water-level gradient is parallel to and within
about 10 feet of land surface. The steepening of
the water-level gradient in the valley fill in this
section of the White River Wash is inferred to
reflect a relatively abrupt change of head in the
groundwater in the underlying carbonate rocks.
This change or difference in head may be as-
sociated with faulting .in the carhonate rocks,
which results in a barrier effect to the movment
of groundwater across the fault, or with an
increase in the relative capacity to transmit
water in the Paleozoic carbonate rocks down-
stream from this section. _

A somewhat similar discordance in altitude of
water levels oceurs in the valley fill southward
from Maynard Lake (point 39, Figure 4). The
reported depth to water in the well (point 40)
in northern Coyote Spring Valley was 416 feet,
or at an gltitnde of 2175 feet. The well is about
8 miles south of Maynard Lake. The indicated
water-level gradient between Maynard ILake
and the well is about 117 feet per mile. This
gradient too is considered to reflect a relatively
steep apparent water-level gradient of the
groundwater in' the underlying Paleozoic car-
bonate rocks in the vicinity of Maynard Lake
gap. The most likely cause here is a barrier effect
resulting from faulting in the vicinity of the
Maynard Lake gap. Tschanz and Pampeyan
[1961] show a prominent fault complex cross-.
ing White River Wash just south of Maynard
Lake, which could provide the necessary local
barrier effect to southward groundwater move-
ment.

In central Pahroc Valley, the well (point 23)
was dry at a depth of 800 feet, or at about an
altitude of 4125 feet, as noted above; the alti-
tude of Hiko Spring, 31 miles southwest along
the Wash, is about 3890 feet. The indicated
gradient is less than 8 feet per mile. However,
the water-level altitude in the carbonate rocks
is probably somewhat lower than in the over-
lying valley fill in the vicinity of the well. Thus,
the inferred water-level gradient in the car-
bonate rocks between these two points may be
even less than the above indicated gradient of
8 feet per mile.

[T NE——
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In Coyote Spring Valley, the indicated hy-
draulic gradient between the two wells (points
40 'and 42) is about 135 feet per mile. This
lower gradient is in contrast with the: steep
.'gradlent neat the north- end of the walley, as
li was also the case in Pahroc Valley. Between
i the‘southern well: (point 42) and Muddy River
Sprr' "'“the difference in altitude of water level
i 75 feet in a distance of about 10 miles.
rent gradient is about 7.5 feet per
Again the inferénce is that the water-level
adient  in the ‘underlying carbonate rocks is
probably' somewhat less- than that in the valley
l for most” 6f the length of the valley. The
“-dbave * mformatron stiggests” that- a general
_ gradlent ii the carbonate rocks in this region
. miay’be less ‘tHan 8 feet per mile. Thus, the rela-
tive altltudes of the principal springs, wells in

v

i key locatlons and regional topography support

L ‘thé ‘inference of regioral groundwater gradient
. .t the south.

- - Recharge - of groundwater Table 1 sum-
- marizes the estimates of recharge to and of -dis-
charge from : the groundwater system. These

. -estiimates were derived mainly in the reports

referred to in the table.

Prec1p1tat1on provides the principal source of
water for recharge to the regional groundwater
| system. The direct measurement of recharge is
| not feasible, nor perhaps even possible, over an
" area of any great size. However, the general rela-

= tlonshlps that jotential recharge increases with

increased precipitation and that precipitation
genera]ly inereases with altitude have been used
to make estiiiates of long-teim average annual
recharge. 'T_he average annual recharge to
groundwater from precipitation in a valley has
been estimated empirically for the reconnais-
sance investigations by a technique that seem-
ingly produces reasonable estimates for most
areas of Nevada. Briefly; precipitation zones
indicated by Hdrdman and Mason [1949, p. 10]
are taken to be approximately represented by
altitude zones on the 1:250,000-scale topo-
graphic maps. The successively higher zones have
higher dveérage annual precipitation and ac-
cordingly are considered to have a higher per-
centageé of the precipitation recharging the
groundwater reservoir. The values generally as-
sumed are shown in Table 2.

-Obviously, recharge is not uniformly dis-
tributed either over the area or in time. How-

. THOMAS E. BAKIN

- relationship results in a pat

ever, average precipitation:is greatést in
mountainous areas at altltudes of 7000 :
higher. Much of the yrecipitati
tains occurs as stow, which:aect
the Wrnter and melts insthe &

several prmclpal mountam r
The general relatrons of i

of the preclp1tat10n 0
half 6f the year but w

“The distribution. of water runoﬁ' fr
mountains also permits somé' 1nferences 0
drstrlbutlon and manner of recharge to

magnitude
throughout this reglon, but g 1 des
tion of the streamflow condltlo 5 provide
trative support. '

The present-day Whlte Rlver is a head
remnant of the aneestral Whrte Rlver (Fr
1 and 4). The White River form
throughflowing stream that s
the White River, Pahroe, Paliran:
Spiing, Kane Sprmg, and upper Moapa Vi
to the Colorado River. It was a prom
stream as late as late Plelstocene time;
too, in extremely rare and most fav_o_r'abl'e
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262 . B VTHOMASE BAKIN -

_TABLE 2, Assumed Values for Pleclpltatlon and Pe'
: Altltude Zones in Area, of T i

chrge for Sevefal

Precipitation Altitude
Zong, Zone,

. ft

Assumed

Avérage

Annual
Precipitation,
i

Less than 8§ below 6600

Btol2 6000 to 7000
i2t015 7000 to 8000
15020 8000 to 9000

More than 20 moré than 9000

vanable
0.83
1.12
1.46 .
1.7 -

' dltlons through streamﬂow may have occurred
ifige Plelstocene time. The position of the an-
cestral ‘White Rlver is marked by a wash or
trefich along thie topographical axis of the
Whlte' River, Pahroc Pahranagat, Coyote
|- SBpring; and upper Moapa valleys. The wash is

: mmsed f om a few to several hundred feet below

; ‘in the Whlte River, Pahranagat and
Moapa valleys. The prmmpal present-day flow
: occurs in the downstream part of the ancestral
- Here Muddy River flows from Muddy
Rlver Springs near the head of Moapa Valley
through Moapa Valley to Lake Mead (Figure
1). Otherwise, flow occurs along limited sections
of the wash only after high-intensity storms or
very favorable snowrmielt conditions.

. The present-day ‘White River and its princi-
pal ""1butary, Ellison Creek, drain a part of the
i east side of the White Pine Mountains, The
. Whlte River flows from these mountains at a
point :about 5 ‘riiles northwest of Preston
Springs: Durmg periods of high flow or when
evapotransplratlon is at a minimum, the stream-
ﬂqw may extend to the south end of Whlte River
“Valley, a distance of about 50 miles, in part

. TABLE 3. Average Monthly and Annual Precipitation for Adaven, Ala.mo, Klmberly, }
and Overton, Nevada, for Period of Reeord R

flow the ch
tance downst 4]

' [Ma:vey and Eq
much as 75 c,fs
the spring
streamflow
season in the wvic
Eakin [1949, Tab]
urements on the Whlte Rlver
period 1908—1943

Peak ﬂow occu
low ﬂow is partly supplit
springs: -

Period of Alti-

May June July Aug. Sept. Oct, Nov. Dec. A

Station Record tude an.\ TFeb. Mar. Apr.
Adaven 1919-1962 6250 1.32 148 146 1.04
Alamo 1922-1960 3610 0.62 0.66 0.70 0.58
Kimberly 1931-1958 7230 1.55 1.50 1.55 1.32

0.5¢ 0.48 0.41 0.24

Overton 1940-1962 1220

0.81 0.43
0.47 0.16
1,32 0.66
0.15 0.05
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Average and recharge, except for minor

Recharge enerated by high-intensity storms
\dwater, -@oyote Spring or Kane Spring valleys;
g:gzo g; gsionally results in runoff through Ar-
Ganyon mto the Muddy River in upper

rible .
1 ture of the bedrock in the mountains
affects the runoff in the area. Lo-
Paleozoic carbonate rocks, which trans-
water: readily, seemingly receive recharge
] gipitation that otherwise would be-
2l springs iff- in the mountain canyons. Thus,
.d DIINES (point 5, Figure 4) seems to be

uring mu - - .
R one might expect from the altitude
huntains is

‘its drainage basin. Perhaps a more
xample is the near lack of perennial
hg: valley for the well-watered Egan

bution of present-day perennial and
moff is closely associated with the dis-
f-the higher mountain ranges and
ports the concept that the greater
cipitation is associated with the

i has bee
|second) du

lcon;}l;;ogly tain ranges.

ugl Maze nnual runoff from the mountains
; v is estimated to be about 80,000

mber of nj

as cvomputed by the altitude-runoff
d_e_:scrlbed by Riggs and Moore [1965].
unt, about 709 is estimated to be

fficient floy ted in the northern half of the region.

in the T4l

part of the area is relatively well
h;s indication in turn suggests that the
or ;recharge from streamflow also is
“favorable in the northern part of the

trge. of groundwater. The prineipal na-
- discharge of groundwater is from the three
psof sprmgs in the White River, Pahrana-
and upper Moapa valleys. The discharge
le springs in the White River and Pahrana-
lleys subsequently is lost from those
¥s, largely by evapotranspiration, including
e Water utilized for irrigation. In upper Moapa
t of the spring discharge leaves the
streamflow in the Muddy River. The
average discharge of these three
f springs is estimated to be about

ring the

TY/76 £€
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in the other valleys, which is not associated with
the principal springs, is estimated to be nearly
5000 acre-feet a year and largely occurs in
Long, Garden, and Cave valleys.

The springs of the three groups generally are
known to have relatively uniform flow. Some
variation of flow undoubtedly occurs, but the
occasional measurements of discharge made at
most of the springs are not adequate to define
minor variations. In White River Valley, the
Preston Springs-principally Big, Arnoldson,
Cold, and“Nicholas-have been measured at reg-
ular weekly intervals sufficiently to demonstrate
a relatively constant flow characteristic. Preston
Big Spring (discharge about 8.5 efs) has been
measured at about weekly intervals during the
periods March to August 1936, September to
November 1948, April to November during
1949, 1950, and 1951, and from May to Sep-
tember 1952. Arnoldson Springs (discharge
about 3.5 cfs) and Nicholas Springs (discharge
about 3.0 cfs) have been measured at about
weekly intervals from September 1948 to Sep-
tember 1952. These records indicate that the
minimum discharge is only about 10% less than

" the maximum.

Arnoldson, Nicholas, and Cold springs also
were measured at about weekly intervals from
March to August 1936. These measurements
also indicated nearly constant flow. During this
period the flows of Arnoldson (3.8 efs) and
Nicholas (2.7 efs) springs were somewhat dif-
ferent thaun the flows during the later period of
measurement, apparently the result of changing
the outlet level of one of the springs. However,
the combined flow of the two springs for both
periods was almost identical. These data sug-
gest a highly uniform flow of the springs. The
best record to indicate the long-term spring-
flow characteristics, however, is the gaging rec-
ord of the Muddy River near Moapa. The gag-
ing station is within 2 miles of the Muddy River
springs, which supply most of the flow of the
Muddy River. With appropriate adjustments,
that record can be used to represent the dis-
charge of the springs.

The streamflow of the Muddy River, near
Moapa, has been recorded for the periods July
1913 to September 1915, May 1916 to Septem-
ber 1918, June 1928 to October 1931, April to
July 1932, and from October 1944 to the pre-
sent. The streamflow record at this station

T I £ et ey
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represerits the actual discharge of the springs,
eéxcept as follows: (1) streamflow at the station
may be higher than spring discharge during
periods of local runoff, particularly from high-
intensity rains within the immediate drainage

~area; and (2) streamflow at the station is lower

thin spring dlscharge when water is diverted
above the’ gaging station for irrigation, and
when evapotransplratlon between the station

and the springs depletes the flow at the gagmgl

station site.

A partlal adjustment for the effect of over-

1and runoff, durmg the period 1944-1962, was
ma'de by Eakin [1964, p. 23]. This adjustment
resulted in & residual flow that, in effect, was
entlrely derived - from Spring discharge. The
inéan, _medran and adjusted mean monthly and
annual drscharges for 25 complete water years of
record throiigh 1962 are given in Table 4.
‘ Recently Eakin and Moore [1964] further
atialyzed the record of dischdrge of the Muddy
R_rve_r to evaluate-the characteristics of the flow
of -the springs supplying the river. Corrections
for evapotransplratlon losses between the springs
arid gaging station virtually eliminated the sea-
sonal vdriation shown by the month-to-month
variations of mean streamflow at the gaging
station. January characteristically is the month.
having the minimuin average temperature and
" rate of evapotransplratlon Accordingly, the
mean annual discharge of the springs supplying
Muddy River is thus closely represented by
thé mean Janudtry -discharge (49.8 cfs) re-
corded at the gaging station.

The analysis indicated a high degree of uni-
formity of spring discharge. The minimum
annual mean discharge was about 909 of the
maximum year. However, the small range in
afinual mean discharge apparently is significant
in that the variations appear to be orderly and

THOMAS E. BAKIN

to oceur, with considerable time ldg, in re
to variations in precipitation and cons.
recharge, Both the high degrce of umfc
of discharge and the small variations in -
mean discharge are compatlble WIth t’
pected character of discharge from a- Te
groundwater system.

- Relation of estimated groundwater re
to dischorge. The estimates of recharge
dischatrge from the regional system sho
Table 1 agree closely for the region as a v
the. estimated recharge is 104, 000, dcre-
year, and the estimated dlscharge is 1
acre-feet a year. The estimates aré consi
reasonable and represent the magmtu
water naturally entering and leavi ing.- t:
gional system. The close agreemeént in th
merical values is considered to bé coincic
rather than to indicate a high order of ac:
in the estimating téchniques, .

Although the regional estimate§ agree el
there is wide chvergence in the ‘estin
particular valleys\For example i the
River and upper Moapa valleys ‘the estim:
spring discharge are 37,000 and 36 000 acre
respectively. The estimdte of T
acre-feet) from precrpltatxon within thr
ficial drainage area of White Rlver Valle
proximates the estimate for spring disel
but the estimated recharge froni pre01p1
in the local drainage area of .upper I
Valley is negligible. ‘

Figure 6 shows the. distribution of the
mated reeharge to and dischargg from t
gional groundwater system and a gene1
representation of the regronal ﬂow sy
From the figure it is seen that about 78
the recharge is estimated to ogcur in
northern valleys, and about 629 of th.
charge is estimated to be from the aprir

TABLE 4. Monthly Discharge of Muddy River, near Moapa, for 25-year Period
Ending September 30, 1962

Noxr.

Oct. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.—
25-year mean 46.1 48.7 49.5 49.8 49.7 48.1 46.8 45.0 43.2 43.4 44.2 44.4
25-year median 46.5 48.0 49.3 49.3 49.2 47.6 46.5 454 43.4 43.9 43.3 44.4
Mean adjusted for
effect of local
surface-water :
iunoff 46.0 48.2 49.5 49.8 49.4 48.0 46.8 44.9 43.2 44 4

43.0 53.5
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266 " THOMAS E. EARKIN

the Pahranagat and upper Moapa valleys in
the southern part of the region.

Thus, the general balance between the over-
all estimates of recharge and discharge suggests
a regional system within the 13-valley area,
Further, the gross distribution of recharge and
discharge infers a generally southward move-
ment compatible with the regional movement
indicated by the potential hydraulic gradient

i - discussed in the previous section.

_ Re_giona-l transmissibility of the Paleozoic car-
bonate rocks. Transmissibility, one of the
liydraulic properties of an aquifer, is usually

o determined by pumping tests under controlled

conditions. Values so obtained are then used to
¢ompute the quantity of groundwater flow
through a specified segment of aquifer, Wells
are not available in this region to obtain trans-
missibility. data of the carbonate rocks.
However, the generalized flow pattern and
natural recharge-discharge relations shown on

. Figure 6, together with the hydraulic gradients
discussed in the previous section on movement

and generally shown in the profile on Figure 5,
can be used to estimate the regional transmissi-
b1].1ty of the Psleozoice carbonate rocks. The
formula used is

= Q/0.00112 IW ¢)]

where T is the transmissibility in gal/day/ft;
@ is the underflow in acre-feet per year; I is the
hydrauhc gradient in feet per mile; W is the
effective width of the aquifer in mlles, through
which southward flow occurs; and the constant
000112 is & factor to convert gallons per day to
acre-feet per year.

Three general sections were selected to esti-
mate transmissibility: (1) a section near the

north end of White River Valley through which

most of the underflow occurs from Long and
Jakes valleys; (2) a section near the south end
of White River Valley through which most of
the underflow occurs from White River and
Cave valleys; and (3) a section in central
Coyote Spring Valley through which most of
the underflow occurs from Paliranagat and
Delamar valleys. Gradients used are the indi-
cated regional minimums, as discussed in the
section on groundwater movement. Locally,
actual gradients may be only a foot or two
per mile or as much as several hundred feet
per mile where controlled by barriers.

The estimated transmissibilities for the
sections were . computed by usmg équat’
and the values are listed in Table 5.
values suggest that a first approxmlatlon ¢
regional transmissibility of the Paleozoig
bonate rocks is on the order of 200,000 gal
ft. The value is not lirge considering the
stantial thickness of the Palsdzoic carb
rocks. However, as the actudl ‘transmissi
groundwater in the carbonate rocks is loc
largely in fracture or solution zones, loéal
missibility values undoubtedly are mug i h1
perhaps 10 times or more, than the-
average régional value. On the other
areas of carbonste rocks that have llttle {
fracturing and solution opemngs transmlt
small amounts of water. '

Chemical quality of water in the 7"&25
system. The chemical charactet ‘of gt
water in part reflects an interaction be’
the water and the rocks through which it ¢
Chemlcal analyses of water from several 0

the system. Locally, hlgher of lower conc<
tions of individual J:onstltuents and tota
solved constituents undoubtedly" oedr.

The water from the springs in the ™
River and Pahranagat valleys characterlsi
is a calcium-magnesium -bicarbohate type
the dissolved-solids concentratigh ranges
246 to 343 ppm (parts per mﬂhon Nater:
the Muddy River Springs in- up' T _IV
Valley has about twice the dlssolved. ohds
centration (614 and 620 ppm) and is
mixed type.

In a complex hydrologlc system with

TABLE 5. Three Estimates of ’I‘ransrmssﬂ
in the Regional Groundwa.ter System )

‘Underflow Estimated Bstir
(Q) from Effective Compirted Trax
Sec- Figure 2, Wldth(W), Gradient, sib__

tion a.me—ft/yl mi ft/ml gpt
(a) 25,000 15 6._4 230
(b) 40,000 25 8’ 18¢

8 260

(¢) 35,000 15
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interrelated subsystems, the causes of many of
the’ chemical variations of the groundwater
naturally would bé obscure. However the anal-
yses of water from springs in the Whlte River
Valley show a reasonable uniformity of com-
_ pogition for water that probably has been de-
rived froni nearby areas and has moved largely
through carbonate rocks, but which includes
some water that Has moved partly in volcanic
“and sedimentary rocks. If the hypothesis of thie
" regional system is approximately correct, most
of the watéer supplying the springs in Pahrana—

gat Valley should be der1ved from a consider-

_able. dlsta_nce beyond the immediaté surface
drainage area; that i, several tens of miles at
least. The concentratmn of water from these
s_prln_g_s_ might remain relatively low if the water
moved almost entirely in carbonate rocks. The

" analyses of water from Hiko, Crystal, and Ash
springs shown in Table 6 are indeed low, rang-

_ing from 286 to 313 ppm of dissolved solids.

The dissolved-solids concentration of the’

water’ from two of the springs in upper Moapa
Valley is about 2 times that of the other two
groups of springs. Much of the increase is due
to an increase in sodium, sulfate, and chloride
ioms. Calc1um is ‘moderately higher, but mag-
nesium is nearly constant in the water from all
the springs. This general increase in concentra-
tion is more or less to be expected for water
issuing .from a position in the regional system
relatively removed from most areas of dis-
charge. The moderate degree of concentration
suggests that circulation in the regional system
is comparatively active.

Bournidaries of the regional groundwater sys-
tem. In the preceding discussion the general
boundary of the White River regional system
has been represented as being approximately
coincident with the outer topographic divides of
the appropriate valleys. In basin and range
hydrology, mountains usually are assumed to be
hydraulic barriers. Ordinarily few data are
available to demonstrate this assumption as a
fact, but one or more of several factors pro-
vide the basis for this generally correct assump-
tion. These factors include the following:

1. The consolidated bedrock forming the
mountains is virtually impermeable. Secondary
openings due to surficial fracturing or weather-
ing, which rarely extend to depths of more
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than a few hundred feet, may transrmt -
water but the- lateral movement of wate1
conforms to the general slope of -the lay
face.

2. The major structural trend domn’
about parallel to the prmc1pal t 'ograp
of the range. Ordmarlly, faults, ar
alignments tend to act as Barr IS to f
water movement across or. a .r1ght a3

“them.

3. The * mouritains’ characterlstlcally
much greater average pre01p1tat n thar
adjacent valleys; greater precip ation
4 greater potent1al for fech
charge occurs per unlt area, other thmg
equal, a hydrauhc hlgh (or dexde)
maintained bétween the areas of lesse
recharge.

4. Surface water divides are: commde
the topographlc d1v1des wh1ch suggests
groundwater divide is also allgned w
topographm d1v1de

The posmon of the hydrauhc boundal
regional groundwater system is - 1ndlc
only a few locations, For example, in tl
Range, the water-]
(point 7, F1gure 4) 12 orth.
Springs ih Wh1te River Valley is abo
féet. Northeastward about 11- m1les the
level altitude in the Alpha Shaft is rep
be 6108 feet [Ma:cey and Eakin, 1949,
Eastward about half a mﬂe the ‘Wi
altitude in the L1berty P1t i3 mainta’
puping at an altltude of 'bout 64
Drill holes on thé east. s1de of ; 'berty
reported to have water—level altltudes
from about 6860 to 6960 feot. Ground'
carbonate rocks was encounte_l_ed_ in ‘the
Deep Ruth and Kelinske shafts. About
east the waterlevel alitude in the K
Pit is somewhat below 6600 feet, “and
altitudes in drill holes range ‘froin abc
to 6822 feet, The above-water-lével infc
for the Robinson miining district area
ported by L. Green ahd M. Dale of the-
cott Copper Company (pnvate cominu.
1964). About 3% miles southeast of tl
berly Pit, Murry Sprlngs which pro
muuicipal water supply. for the City
issue at an altitude of about 6600 feet.
several miles east in the floot of Stepto




ithin - - few feet of land
ltitude of about 6375
i aréa is geologically and
x, and water levels have
What by mining operations.
hzed information indicates
Vlde is several hundred feet
er level in either White

phic divide. '

l: information also indi-
¢ hydraulic divide at the
Bristol Range. The water-level
int 17, Figure 4) in Dry
4820 feet about 8 miles
titude in the Bristol Mine,
mmunication, 1964) by Paul
of -Combined Metals Re-
-about 5675 feet. Still
‘niext- valley, about 4 miles
. Mine, the water-level alti-
t 5610 [Rush, 1964, Table
Bristol Mine occurs in
cks; and, according to
ently fuctuates to some
“in techarge. The ground-
he wells is in valley fill
~higher head than in the
ocks. Nevertheless, the
in: the Bristol Mine indi-
le closé to the topographic

d: Sheep ranges form the
agat. and Coyote Spring
echarge from precipita-
4ins, although limited, prob-
raulic divide along the
nt,“Data on water levels in
[c atbonate rocks in these moun-
ailablé. However, the altitude of
well (point 32, Figure 4) in
Bout 4025 feet, or about 220
rystal ‘Springs, about 3%
h -Pahranagat Valley. This
the gradient of ground-
ing carbonate rocks may
om the Pahranagat Range
1 Wash to the east. Some-
'étnip'erched' groundwater

eys and is within perhaps’
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through the older valley fill toward the White
River Wash. As the recharge area is necessarily
at a higher altitude than the spring area, it may
be assumed to be at an altitude high enough to
provide a hydraulic barrier in the carbonate
rocks in the Sheep Range.

The Delamar Range and Meadow Valley
Mountains form the east sides of Delamar and
Kane Springs valleys. Some groundwater is
perched in the Tertiary voleanic rocks and
supplies several small springs in the Kane
Spring Valley side of the Delamar Range. Near
the townsite of Delamar (Figure 4), some water
initially was developed at several small seepages
from limestone and granite [Carpenter, 1915,
p. 67] and was insufficient for the requirements:
That these springs were derived from perched
groundwater is suggested strongly by the fact
that, according to Carpenter, the mine at Dela-
mar was totally dry to a depth of 1400 feet.
The altitude of the bottom of the mine is not
kriown but apparently was of the order of 5300
feet. West of Delamar, in the lower part of
Delamar Valley, the apparent water-level alti-
tude may be below 3700 feet, based on reports
that a well (point 30, Figure 4) was dry at a
depth of 900 feet. East of Delamar, water levels
in the floor of Meadow Valley Wash are at an
altitude of about 3800 feet. The meager re-
charge in the Delamar Range and the presence
of relatively impermeable Paleozoic clastic and
Tertiary voleanic rocks are probably sufficient
to maintain a hydraulic divide between Meadow

Valley Wash and Delamar Valley, even though -

the divide may be much below the level of
Delamar mine in that area.

More generally, on the basis of substantial
recharge potential, it may be inferred that the
Butte Mountains and Egan, Schell Creek,
Bristol, and Highland ranges, which form the
eastern boundaries of Long, Jakes, White River,
Cave, and Dry Lake valleys, respectively, are
probably aligned with the east side hydraulic
boundaries of those valleys. Similarly, the
Maverick Springs, Ruby, and the White Pine
mountains and Grant and Quinn Canyon ranges
are probably aligned with the west side hy-
draulic boundaries of Long, Jakes, White River,
and Garden valleys.

Some sections of these east- and west-side

groups of mountains, such as the Antelope
Mountains and Horse Range, are relatively low,

T T TR ST,
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© arid precipitation and. resultant g‘r'o_und_water
. fechiarge alone may be insufficienit to maintain a
. hydratlic divide in these sections. The effective=
§. -nessiof these divides cannot be determmed at
i this' time, However, the prominent structural
i . trends parallel to these ranges probably act as

- barriers. or partial barriers to . groundwater
- .movernent acrdss those alignments.. Provision-

o - ally,. then; it is assumded that .the principal

- gfrictural trends are sufficient to maintain hy-

il - draulie divides in these mountains.

Very Kttle- recharge occurs in the low Meadow
" Valley Mountains:. The degree of influence of
s these mcuntains: on groundwater movement in
the carhonate rocks in this area is not -known
but- mlght very well be almost negligible.
oundwater in.the carbonate rocks occurs at
Higher. a1t1tudes, both in the region of this re-
- port and northeastward in the Meadow Valley
~ area. However, in the Meadow Valley area the
e§t11_1__1ates of recharge from precipitation and
discharge by evapotranspiration are in - relative
agreement [Rush, 1964, pp. 20-24]. This agree-
ment, suggests that if the Meadow Valley area
:contrlbutes ‘groundwater that ultimately dis-
_charges frem the Muddy River Springs, then
the quantity is only a small proportion of the
total discharge of the springs.
In contrast the combined estimated recharge
from. precipitation in the area considered to be
.,supplymg this regional groundwater system is
in- reasonable agreement with estimates of dis-
- charge f from the springs only if the Muddy River
_,Sprmgs are inclided. with those in Pahranagat
and White River valleys. For the present, then,
information favors the theory that most of the
Water supplying Muddy River Springs is de-
‘rived from within the boundaries of the re-

, g1ona1 groundwater system as described in this

Teport.

CLOSING STATEMENT

The regional interbasin groundwater system
here described reasonably explains several other-
wise anomalous occurrences of large natural
spring discharge in ‘dry’ areas and of very deep
water levels in valleys where at least limited
natural discharge of giroundwater by evapo-
‘transpiration ordinarily would be expected. The
identification of this regional system is provi-
sional in that it is based largely on indirect
methods and limited data. However, the gross

,.b__e vahd. -
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